ETH:zurich

/,/ 24 : : N ‘ 1"';1""\ kx‘
THE NA64 EXPERIMENT SEARCHING FOR HIDDEN SECTORS AT
THE CERN SPS

Emilio Depero, ETH Zurich, Institute for Particle Physics and Astrophysics on behalf of the NA64 collaboration

SPCS 2021 Emilio Depero | 20.11.2021 | 1




DARK SECTORS - THE VECTOR PORTAL

Recent reviews on DS e.g. G. Lanfranchi et al arxiv 2011.02157, J. Jaeckel et al. Nature Phys. 16 (2020) 393-401 \

Sector U(1) Standard Model

DARK SECTOR (DS) charged under a new U(1)' gauge symmetry and interacts with SM
through kinetic mixing (e) of a MASSIVE VECTOR MEDIATOR (A’) with our photon.

Dark matter with mass (my), part of DS.
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DARK SECTORS - THE VECTOR PORTAL

Recent reviews on DS e.g. G. Lanfranchi et al arxiv 2011.02157, J. Jaeckel et al. Nature Phys. 16 (2020) 393-401 \

Sector U(1) Standard Model

In this framework DM can be produced thermally in the early Universe
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EXPLICIT TARGET FOR NA64 (y,mx) DM PARAMETER SPACE

From https://arxiv.org/pdf/1707.04591.pdf

Thermal and Asymmetric Targets at Accelerators
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The muon (g-2): an additional motivation to search for dark photons

B. Abi, et al. Phys. Rev. Lett. 126, 141801 (2021)
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SEARCHES FOR DARK SECTORS AT FIXED TARGET EXP.

SPCS 2021

INVISIBLE DECAY MODE  m/y > 2myx

1) BEAM DUMP APPROACH o ¢ ¢*ar
(MiniBooNE, LSND, NA62...)

Flux of X generated by decays of A's
produced in the dump.
Signal: X scattering in far detector

2) NA64/LDMX APPROACH O X 62

NAG4 missing energy: produced A’s carry away
energy form the active dump used to measure
recoil e- energy

Emilio Depero | 6



The NA64 collaboration (~-50 researchers from 16 Institutes)

Yu. M. Andreev,® D. Banerjee,* J. Bernhard,* V. E. Burtsev,2 A. G. Chumakov,'>13 D. Cooke,’
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V. A. Kachanov,'® A. E. Karneyeu,® G. Kekelidze,? B. Ketzer,! D. V. Kirpichnikov,® M. M. Kirsanov,®
V. N. Kolosov,'° I. V. Konorov,>7 S. G. Kovalenko,'! V. A. Kramarenko,?? L. V. Kravchuk,5
N. V. Krasnikov,? ¢ S. V. Kuleshov,'" 16 V. E. Lyubovitskij,'? %14 V. Lysan,? V. A. Matveev,?

Yu. V. Mikhailov,'® L. Molina Bueno,'® D. V. Peshekhonov,? V. A. Polyakov,'® B. Radics,'® R. Rojas,'*
A. Rubbia,'® V. D. Samoylenko,'® H. Sieber,'® D. Shchukin,” V. O. Tikhomirov,” I. Tlisova,®
A. N. Toropin,® A. Yu. Trifonov,'?13 B. I. Vasilishin,'? P. V. Volkov,>® and V. Yu. Volkov®
(The NA64 Collaboration)

! Universitit Bonn, Helmholtz-Institut fir Strahlen-und Kernphysik, 53115 Bonn, Germany
?Joint Institute for Nuclear Research, 141980 Dubna, Russia
I Technische Universitit Miinchen, Physik Department, 85748 Garching, Germany
4CERN, European Organization for Nuclear Research, CH-1211 Geneva 23, Switzerland
UCL Departement of Physics and Astronomy, University College London,
Gower St. London WCIE 6BT, United Kingdom
S Institute for Nuclear Research, 117312 Moscow, Russia
. "P.N. Lebedev Physical Institute, Moscow, Russia, 119 991 Moscow, Russia
Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 119991 Moscow, Russia .
Y Physics Department, University of Patras, 265 04 Patras, Greece AuQUSt 2021 - 5 weeks
108tate Scientific Center of the Russian Federation Institute for High Energy Physics
of National Research Center ’Kurchatov Institute’ (IHEP), 142281 Protvino, Russia
" Departamento de Ciencias Fisicas, Universidad Andres Bello, Sazié 2212, Piso 7, Santiago, Chile
2 Tomsk Polytechnic University, 634050 Tomsk, Russia
13 Tomsk State Pedagogical University, 634061 Tomsk, Russia
Y Universidad Técnica Federico Santa Maria, 2390123 Valparaiso, Chile

ETH Ziirich, Institute for Particle Physics and Astrophysics, CH-8093 Ziirich, Switzerland October 2021 n 19 days

16SAPHIR Millennium Institute of ANID, Chile
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The NA64 setup and method to search for A’ — xX
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100 GeV electrons from H4 SPS
(tagged with S123)
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STANDARD MODEL:

X

e, 100 GeV

e | A— MISSING ENERGY (ECAL < 50 GeV, HCAL < 2 GeV) e




The magnetic spectrometer

D. Banerjee et al., Advances in HEP, 105730 (2015) and
D. Banerjee, PhD Thesis, ETH Zurich (2017)
D. Banerjee et al., NIMA881, 72-81 (2018)
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Tracking system:

8 XY multiplexed resistive
micromegas

+ Straw tubes and GEMs

S
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The Synchrotron Radiation (SR) detector

thE

v Particle identification

/ N | SR emission ~ 1/m4

0 20 40 60 80 wéne:;(’y[hr:\/] 0 5 10 15 20 25 30 éie:sy[ﬁe\j;)

Vacuum vessel
Magnet2 :
Magnetl
Efficiency > 95%
Suppression >10-5
e~ , 100 GeV

E. Depero et al., NIMA 866 (2017) 196-201 and
E. Depero, PhD thesis, ETH Zurich (2020).
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1) The NA64 search for A’ — XX - results combined analysis 2016-2018
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The NA64 search for A’ — XX - Future prospects 2021- 2023

Data taking resumed last August:

5 weeks in invisible mode

SPCS 2021
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The NA64 search for A’ — XX - Future prospects 2021-2023

1077 Background source Background, n

' ap=10.1 (i) dimuons 0.024 £ 0.007

10-8 ma=3m (ii) m, K — ev, K3 decays 0.02 £0.01

_ X (iii) e~ hadron interactions in the beam line 0.43 +£0.16

L1070 (iv) e~ hadron interactions in the target < 0.044

= NAGA 2016 _ (v) Punch-through ~’s, cracks, holes < 0.01

= 1010 . Total ny (conservatively) 0.53 £0.17
S _

=

(ongoing) ‘

\ ‘Setup upgrade
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3) The NA64 ALP search

Closing the gap between beam
dump and colliders

|
Sl \;ﬂ LEP
NAG4

PrimEx

m,,GeV

NAG64 collaboration PRL 125, 081801 (2020)

oy SPCS 20
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4) The NA64 search for A’ — X%, X, _ XA, A — ete

E. Izaguirre, et al. PRD 96, 055007 (2017), G. Mohlabeng. PRD 99,
SEMIVISIBLE DECAY MODE 115001 (2019) ,Y. Tsai, et al., PRL126, 181801 (2021)

Pair production of
SM particles + Missing energy

Possible explanation of (g-2)sanomaly+LTDM

my =3m, ,ap =0.1,e=¢

A E My, =My, 9-2),
X A>my —2m,,
- NA64 5x 102 EOT, short HCAL
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A NAG64 collaboration, EPJC 81, 959 (2021) .
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5) The NA64 search for A’ — ete-

!/
VISIBLE DECAY MODE M4 < 2mx
e s2

WCAL

V2

WCAL: 30-40 Xo
Sandwich W-Sc

Pair production of
SM particles

SPCS 2021

Signature:

1) EwcaLt+EecaL = 100 GeV

2) No activity in V23 and HCAL
3) Signal in S3, S4

4) e-m shower in ECAL
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8Be anomaly and X boson

\ .. A J.Krasznahorkay et al. Phys. Rev. Lett.116, 042501 (2015)

"Li . SPECTROMETER and more recent results for 4He arXiv:1910.10459
Be

P m=15.6 MeV = 0 :
S,  MolGoMev | = Could be explained e.g by new
© . . 7 . 600 F 1 . b )

5 protophobic’ gauge boson X

8 w0 m=16.6 MeV with mass around 17 MeV

N wr  osignal .. J. L. Feng et al. Phys. Rev. D95, 035017 (2017)
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The NA64 search for A'/X17— e*e- - results (2017-2018) & prospects

| X17 very short lived <1013 s |
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NAG64 collaboration, PRL 120, 231802 (2018), PRD 107, 071101 (R) 2020,

arXiv:2104.13342 (pseudoscalar case)
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https://arxiv.org/abs/2104.13342

The NA64 search for X17— e*e- - prospects (2021-2023)

NAG4 collaboration. EPJC 80, 1159 (2020)
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6) NA64 in muon mode- NA64,

CERN SPS M2 160 GeV muon beam: unique
opportunities

Searches for DS of particles predominantly
weakly-coupled to 2nd second and possibly 3rd
generations of the SM.

L.-L: models Z, could explain (g-2),
W+ Z—p + 4+ 4, £,—vv

GEM GEM  \eto
So s

Pt

| ECAL . VHCAL

0.50 m 0.49m 0.50 m 1.00m 0.70 m 2.70m 1.35m

Signature (missing momentum):

1) Tagged 160 GeV incoming muon
2) Scattered muon with <80 GeV
3) No activity in HCAL

H. Sieber et al., arxiv: 2110.15111
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7) NA64 electron mode- A’ resonant production

A’ Bremsstrahlung vs resonant production

- (\S\S\) e et

= = .
v

> > €

IDEA: Exploit secondary positrons in the EM
shower induced by the primary impinging electron

L. Marsicano et al., Phys. Rev. Lett. 121, 041802 (2018)

w

10'35—

BaBar

11 1 ) I | 1 1 ) N I |
10 102 10°

A'mass, [MeV]

Improvement of NA64 exclusion limits from current invisible-mode dataset
by up to a factor 5 in mass range 200-300 MeV. Increased sensitivity to a

SPCS 2021

generic X (S,P,A,V), (M. Biondi, A. Celentano and L. Marsicano, NA64 Note).
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NAG64 in positron mode - A’ resonant production

Search for Dark photons using 100 GeV positrons
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For masses ma~ 220-320 MeV
A factor ~10 improvement for €
Enhancement ~102 for y~g2

The e+ measurements are supported by an ERC Starting Grant 2020, Project
“POKER?”, “POsitron annihilation into darK mattER”, A. Celentano (INFN-Genova)
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Summary and Outlook

NAG64: Active beam dump + missing-energy approach is very powerful
to search for DARK SECTORS/LDM

NA64 resumed data taking last August (5 weeks), goal until LS3
>5x1012 EOT for A’ = XX , explore remaining parameter space X— e+e-,
Pilot run October 2021 at M2 (muon mode), 1st physics run (2022)

The exploration of the NA64 physics potential has just begun.
Proposed searches in NA64 with leptonic and hadronic beams:
unique sensitivities highly complementary to similar projects.
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Location
@EHN2 M2 beam line

160 GeV
b

Magnet spectrometer
(BMS stations from
COMPASS experiment)

Goal: Study the feasibility of the technique to look for a light Z’ coupled to u-
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+ Trigger based on scattered muon deflection.
* Incoming and outgoing p momentum measured twice to minimise the
level of its mis-measurements down to <10-12 .

Signature
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(Deflected p- energy <
GeV).
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VA Future prospects: NA64, pilot run in 2021

Location Goal: Study the feasibility of the technique to look for a light Z’ coupled to -
@EHN2 M2 beam line

160 GeV

y-
Magnet spectrometer -
(BMS stations from 3 3 3 ; ; ; }
COMPASS experiment) ! 3 3 ; i 1.50 m
0.50 m 0.45m 1.25m 1.00 m 0.60m 2.70m 1.35m 3.00m
+ Trigger based on scattered muon deflection.
* Incoming and outgoing p momentum measured twice to minimise the
level of its mis-measurements down to <10-12 .
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